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Abstract 
The purpose of this study is to investigate how two different atmospheric 3D modelling 
systems, with different dust modules, simulate a Saharan dust episode, using satellite data and 
in-situ observations to validate their performances. The episode occurred during 19-23 February 
2016 and impacted the Iberian Peninsula. The two numerical modelling systems applied are the 
CHIMERE and the EURAD-IM chemistry transport models with different dust modules, both 
forced by the same WRF meteorological input. A common domain and resolution (27×27 km2) 
was adopted for the modelling setup. The comparison and evaluation of the two modelling 
results have shown that both models are able to capture the occurrence of the natural event, 
which was initiated by a cut-off low above the coast of Morocco, inducing a strong meridional 
transport of dust loaded air from Algeria straight towards eastern parts of the Iberian Peninsula. 
The most notable differences between the two model outputs concern the emission strengths and 
the emission source regions. In fact, different emission patterns and strengths are simulated by 
each model despite they use the same soil database, identical clay/silt/sand contribution for each 
soil type, and the same meteorological simulation. In general, CHIMERE simulates higher 
PM10, PM2.5, and dust concentrations than EURAD-IM for this event. In the South of 
Portugal, CHIMERE shows better agreement with observations, while in Central Portugal, 
EURAD-IM is closer to particle related measurements. 
 
Keywords: dust episode; atmospheric modelling; CHIMERE; EURAD-IM; Iberian Peninsula 
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1. INTRODUCTION 
Mineral dust transported from Saharan Desert to Europe often negatively impacts air quality, 
especially in countries located on the coasts of the Mediterranean Sea (Mitsakou et al., 2008; 
Agacayak et al., 2015). Several studies have identified Saharan dust as one of the most 
important PM10 sources in the southern Mediterranean with an average contribution in between 
35-50 % (Pey et al., 2013; Salvador et al., 2013), and being responsible for exceedances of the 
daily limits of PM10 (Pederzoli et al., 2010).  For these regions, this can be an important issue, 
as in particular the identification of these dust episodes  allows for  better assessing compliance 
with the air quality standards imposed by legislation (European Commission, 2011).  
The role of mineral dust in the Earth system includes interactions with other physical, chemical, 
and biogeochemical processes at all scales (Shao et al., 2011). Mineral dust affects the Earth’s 
climate in many different ways (Rizza et al, 2017). It reduces atmospheric visibility 
(Engelstaedter et al., 2003; Kurosaki and Mikami, 2005; Washington et al., 2003), deteriorates 
air quality (De Longueville et al., 2010; Prospero, 2008), alters the radiative forcing budget 
(Liao et al., 2004; Miller et al., 2006; Reddy et al., 2005; Balkanski et al., 2007), and affects the 
cloud properties and precipitation (Rosenfeld et al., 2001; Forster et al., 2007). The impacts on 
human health have been studied e.g. by Sajani et al. (2011) and Stafoggia et al. (2016). They 
investigated the correlation between Saharan dust outbreaks and natural, cardiovascular, and 
respiratory mortality and found a relation between Saharan dust outbreaks and respiratory 
mortality for elderly persons. 
Understanding the emission, evolution and transport of mineral dust is essential for further 
examining its impacts on the Earth’s system. Numerical modelling is one of the most important 
approaches for systematically investigating dust. Many global models simulate dust emissions, 
transport, and depositions (e.g. Guelle et al., 2000, Ginoux et al., 2001 and Woodage et al., 
2010). Huneeus et al. (2011) conducted intercomparisons of 15 global dust models and reported 
their simulated aerosol optical depth (AOD) and Ångström exponent (AE) within a factor of 2,  
while the deposition and surface concentration vary within a factor of 10 with respect to 
observations, indicating significant variations among different models. Regional models usually 
represent dust by following the same coherent manner as global models, but with a finer spatial 
resolution and multiple physical parameterizations at the cost of intensive computation. As 
compared to global models, regional models may provide a more realistic representation of the 
surface roughness and soil moisture (Liu et al., 2016). For example, the Weather Research and 
Forecasting model coupled with Chemistry (WRF-Chem) (Grell et al., 2005) and with the 
GOCART aerosol scheme (Ginoux et al., 2001) has been applied to simulate dust emission over 
central East Asia (Kumar et al., 2014), the United States (Zhao et al., 2010), and East Asia 
(Chen et al., 2013). The Barcelona Supercomputing Center (BSC) BSC-DREAM8b regional 
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model has been previously applied over North Africa and South Europe to assess the 
contribution of desert dust to particulate matter levels over Portugal (Monteiro et al., 2015). 
Another example is the NMMB/BSC-Dust model (Pérez et al., 2011; Haustein et al., 2012), an 
online multiscale atmospheric model designed and developed at the BSC in collaboration with 
NOAA/NCEP, NASA Goddard Institute for Space Studies and the International Research 
Institute for Climate and Society (IRI), which is intended to provide short to medium-range dust 
forecasts for both regional and global domains. These three models (BSC-DREAM8b, WRF-
Chem and NMMB/BSC-Dust) are included in the Sand and Dust Storm Warning, Advisory and 
Assessment System established by the World Meteorological Organization (WMO), which 
provides operational forecasts of mineral dust dispersion over North Africa, Middle East, and 
Europe. 
The CHIMERE (Menut et al., 2013) model and the EURAD-IM (EURopean Air pollution 
Dispersion - Inverse Model, Elbern et al., 2007) models are mesoscale Eulerian models that 
compute transport, chemical reactions and deposition of gas-phase and aerosol species in a non-
hydrostatic configuration. Both models are being used, since more than 10 years, for air quality 
operational purposes in Portugal (CHIMERE) and Germany (EURAD-IM) and both models 
have a dust module encoded which needs proper evaluation to support the daily dust prediction. 
Additionally, they are state-of-the art chemical transport models (CTM) being part of the 
Copernicus Atmosphere Monitoring Service, providing daily air quality forecast over Europe 
and reanalysis. The development of the CHIMERE dust module started in 2005 (Vautard et al., 
2005) with continuous updates and reformulations since then (Mailler et al., 2017; Menut et al., 
2007). The last developments comprehended the extension of the dust production module to any 
domain over the globe; the addition of a MODIS erodibility database for arid areas, and also the 
inclusion of Kok’s production model (Kok et al., 2014). As EURAD-IM is mainly used for 
scientific research purposes, it is in constant development by the team of the Rhenish Institute 
for Environmental Research at the University of Cologne (Elbern et al., 2010; Elbern and 
Strunk, 2006; Schroedter-Homscheidt et al., 2010). The mineral dust emission module included 
in EURAD-IM is based on Nickovic et al. (2001). It estimates the mineral dust emissions driven 
by the meteorological and surface information. Recently, this module was updated in order to 
calculate mineral dust concentrations in two particle size modes (diameter, d): the coarse mode 
(d≥1 µm) and the accumulation mode (0.1≤d<1 µm) (Friese et al., 2017). 
The objective of this study is to evaluate and test the capability of the dust modules encoded in 
both CTM to reproduce dust transport and their impacts on PM10 and aerosol optical properties. 
This paper focuses on one strong dust episode reaching the Iberian Peninsula, occurring on 19–
23 February 2016. The results of the model simulations are evaluated with measured PM10 
concentrations from the Portuguese air quality monitoring network, AOD from Aerosol Robotic 
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Network (AERONET) sun/sky radiometer measurements, and Dust Red-Green-Blue (RGB) 
composites, which are based on satellite observations. Section 2 introduces the CTMs and, in 
particular, their dust modules. The selected dust episode is described in Section 3, together with 
the modelling setup. Results are shown and discussed in Section 4, and Section 5 concludes the 
paper with a summary of the findings. 
 
2. THE DUST MODULES 
2.1. The EURAD-IM dust module 
The EURAD-IM system comprehends the Modal Aerosol Dynamics model for Europe (MADE, 
Ackermann et al., 1998) that describes the physical and chemical processes of particle species in 
the troposphere (off-line mode). The aerosol particle size distribution is modelled using the 
modal concept: fine particles are treated by two interacting sub-distributions, and the third mode 
is formed by coarse particles (log-normal distributions with diameters dAitken=0.01 µm, 
daccumulation=0.07 µm, and dcoarse=1.0 µm and standard deviations σAitken=1.7, σAccumulation=2.0, and 
σcoarse=2.2). The Aitken mode represents secondary aerosols from fresh particles by nucleation, 
while the accumulation mode includes aged particles as well as directly emitted species, which 
are also represented in the coarse mode. The latter includes sea salt, wind-blown dust and 
particles from different anthropogenic emission sources. Mineral dust concentrations are 
calculated in the coarse and accumulation modes. 
Within EURAD-IM, the simulation of mineral dust emissions follows the methodology 
developed by Nickovic et al. (2001), which is applied to grid cells with a desert surface fraction 
from the United States Geological Survey (USGS) database, greater or equals than 0.1 % 
(desert/no-desert mask). The dust emissions are calculated from the turbulence flux of mineral 
dust that depends on the stability of the near-surface atmosphere and the soil conditions. The 
frictional wind velocity is taken by the dust module to define the stability of the near-surface 
atmosphere. The soil condition is determined by the contribution of Cosby soil types (sand, silt 
large, silt small and clay) for each ZOBLER texture classes (coarse, medium, fine, coarse-
medium, coarse-fine, medium-fine and coarse-medium-fine), as well as by soil moisture content 
and the type of vegetation cover. The meteorological and hydrological conditions simulated by 
the WRF model are used to calculate the effective rates of the injected dust concentration and 
sinks, controlled by dry and wet deposition, as well as the horizontal and vertical advection 
(Tegen and Fung, 1994; Nickovic et al., 2001). 
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2.2. The CHIMERE dust module 
The aerosol module of CHIMERE model was implemented in 2004 (Bessagnet et al., 2004) 
with further improvements concerning the dust natural emissions and re-suspension over Europe 
(Vautard et al., 2005, Hodzic et al., 2006a; Bessagnet et al., 2008). The calculation of the 
mineral dust emissions requires several surface and soil databases. Since the 2016a version, 
these databases are global, which allows for the calculation of mineral dust emissions in every 
location on the globe. Like EURAD-IM, CHIMERE operates in off-line mode as well. 
In CHIMERE, a desert mask is used, specifying what surface is potentially erodible. This mask 
corresponds to the areas classified as scrublands or barren soil in the USGS land use dataset. 
The mineral dust flux calculation is performed for potentially erodible areas and it includes 
parameterisations taking into account wind speed, precipitation and soil characteristics. The 
mineral dust flux can be calculated according to schemes of Marticorena and Bergametti (1995), 
Alfaro and Gomes (2001), or Kok et al. (2014). In this work, the optimized version of the Alfaro 
and Gomes (2001) scheme is used. It computes sandblasting fluxes based on the partitioning of 
the kinetic energy of individual saltating aggregates and the cohesion energy of populations of 
dust particles. This dust production model assumes that dust emitted by sandblasting is 
characterized by three modes (log-normal distributions with diameters d1=1.5 µm, d2=6.7 µm, 
and d3=14.2 µm and standard deviations σ1=1.7, σ2=1.6, and σ3=1.5), whose emitted proportion 
depends on the wind friction velocity. As soil aggregate size or wind speed increases, kinetic 
energy becomes able to release first particles of the coarsest mode that are associated with the 
lowest cohesion energy, then particles from the intermediate population, and finally the finest 
particles.  
 
3. MODELLING A DUST EPISODE 
In this section the selection of a specific dust episode is presented and justified, together with 
the modelling setups used for the simulations. 
 
3.1. The selected dust episode 
In late February 2016, a strong mineral dust episode occurred, affecting roughly all background 
air quality monitoring stations in mainland Portugal. This episode was due to a vast plume of 
sand and dust blown northward from the Sahara Desert (Cazorla et al., 2017). Figure 1 shows 
the time series of daily PM10 and PM2.5 concentrations observed at rural background 
monitoring stations in Portugal during the year 2016. Remarkably high PM10 and PM2.5 
concentrations of up to 175 µg m-3 and 105 µg m-3, respectively, were measured on 22-23 
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February. Although the event was extreme in terms of PM concentrations, it just lasted for about 
two days at each monitoring station.  
 
Figure 1. Daily PM10 and PM2.5 concentrations observed at rural background monitoring 
stations from the Portuguese monitoring network, during 2016. 
 
In general, large-scale transport from the Sahara to the Iberian Peninsula requires a meridional 
deflection of the large-scale atmospheric flow. There are various case studies and long-term 
investigations about typical transport pathways of Saharan dust (e.g. Escudero et al., 2005; 
Meloni et al., 2008; Israelevich et al., 2012; Salvador et al., 2014) indicating that it is a variety 
of synoptic patterns which lead to dust episodes in Europe. Following these studies, the 
dominant meteorological conditions required for dust episodes to appear over Europe are either 
a ridge over north/north-eastern Africa, a trough over the western coast of North-
Africa/Portugal, or a combination of both.  
The meteorological situation during the chosen Saharan dust episode is dominated by a low-
pressure system located at the north-western coast of Africa, which led to the typical transport 
pathway that characterizes Saharan dust episodes over the Iberian Peninsula (Escudero et al., 
2005; Cazorla et al., 2017). Since the beginning of the process on 19 February, this cut-off low 
was stationary with its centre being located above the coast of Morocco. 
Figure 2 shows the synoptic situation on 21 February 2016, 00 UTC as forecasted by the WRF 
model. The presence of the cut-off low induces a strong meridional transport of air from Algeria 
straight towards eastern parts of the Iberian Peninsula. Here, forecasted wind speeds in typical 
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dust transport altitudes of about 2 km altitude reached up to 25 m/s. Furthermore, the closed 
cyclonic flow around the cut-off leads to mainly westward transport from Spain towards 
Portugal. During the second half of this day, the cut-off low starts to move north-westerly. Its 
centre is located above the Iberian Peninsula on 22 February leading to weak winds in this area. 
Finally, the cut-off reconnects to the general westward-moving circulation on 23 February and 
vanishes slowly. 
 
Figure 2. Meteorological situation simulated by the WRF model on 21 February 2016, 00UTC. 
Shown is the geopotential height in 500 hPa (color coded) and horizontal winds on a sigma-
level referring to 2 km above sea level (white arrows). The length of each wind vector is 
proportional to the horizontal wind speed (scale at bottom right). 
 
3.2. Modelling setup 
To compare the performance of both CTMs with their individual mineral dust modules, both, 
CHIMERE and EURAD-IM modelling systems  simulate  the selected episode (21-25 February 
2016) using six days of spin-up (starting on 15 February) and utilizing the same meteorological 
conditions provided by the WRF simulations (Table 1). Here, boundary and initial conditions 
from ECMWF re-analysis at 0.225° horizontal resolution are used. The common simulation 
domain covers the source areas in the Sahara Desert and the dust affected area (South-West and 
Central Europe) with an extension of 3753 km in W-E and N-S directions. Figure 3 displays the 
selected domain, whose grid has a horizontal resolution of 27×27 km2 and is vertically defined 
by 23 sigma layers distributed up to 100 hPa for WRF and EURAD-IM, and by 24 sigma layers 
to 200 hPa in case of CHIMERE. In addition to the mineral dust emissions computed by both 
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CTMs, the simulations include anthropogenic emission data from TNO inventory (Kuenen et 
al., 2014).  
Table 1 summarizes the main differences of the CTMs regarding the physical schemes, which 
are responsible for the dust transport. It is expected that even the models are using different 
advection schemes, the individual simulated transport patterns of each model behave similar, as 
the advection is controlled by the same meteorological driver. 
 
Table 1. Physical options used in WRF, EURAD-IM and CHIMERE. 
Physics WRF 
Microphysics New Thompson et al. scheme 
Longwave radiation Rapid Radiative Transfer Model scheme 
Shortwave radiation Rapid Radiative Transfer Model scheme 
Surface layer Mellor-Yamada-Nakanishi-Niino (MYNN) surface layer 
Land surface Noah Land Surface Model 
Planetary boundary layer 
(PBL) 
MYNN Level 2.5 PBL 
Cumulus Grell-Freitas (GF) scheme 
 EURAD-IM CHIMERE 
Clouds Roselle and Binkowski (1999) 
R2.6 
 
Dry deposition Zhang et al. (2003) scheme Zhang et al. (2001) 
Advection Bott (1989) algorithm The 2nd order Van Leer scheme 
(Van Leer, 1979) 
Aerosol dynamics MADE including Analytical 
Predictor for Condensation 
(APC) and High Dimensional 
Model Representation (HDMR) 
(Nieradzik, 2005) 
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Figure 3. Simulation domain (27 km × 27 km, horizontal resolution), soil types and the location 
of the AERONET stations (red dots). 
 
4. RESULTS AND DISCUSSION 
Both modelling results (EURAD-IM and CHIMERE outputs) are firstly compared in terms of 
the emission source region and emission strength. The horizontal transport is evaluated 
qualitatively comparing the models’ dust dispersion in terms of AOD fields with SEVIRI 
(Spinning Enhanced Visible and Infrared Imager) RGB product images. The results are then 
analysed taking into account in-situ observations, such as PM10 and PM2.5 surface 
concentrations at specific locations in Portugal, as well as remote-sensing AOD observations 
from AERONET. 
 
4.1. Dust emissions 
Figure 4 shows the dust emissions computed by EURAD-IM and CHIMERE, integrated from 
20 to 25 February 2016. Although the two models use the same soil database (USGS) with 
identical clay/silt/sand contribution for each soil type (see Figure 3), they estimate distinct 
emission sources with different emission intensities (strength) which is justified by the different 
method used to estimate dust emission production (see section 2). While the dust source regions 
within EURAD-IM are concentrated in northern Algeria with strongest emissions on the 
Moroccan-Algerian border, and few emissions also in south-east Algeria, CHIMERE considers 
dust sources in numerous regional patches distributed all over Algeria and neighbouring 
countries. CHIMERE accounts most emissions within the area of the Grand Erg Occidental. 
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The discrepancy between the emissions of both CTMs is due to the different dust production 
models employed by each model: Nickovic et al. (2001) in the case of EURAD-IM and Alfaro 
and Gomes (2001) in CHIMERE. According to EURAD-IM, dust is mainly emitted by loam 
soils, while CHIMERE predicts more emissions from sandy soils. In fact, silty soils are, in 
EURAD-IM, more vulnerable for uplift ( γ [%]) than sandy soils (γsand = 12 %; γsilt = 100 %). The 
comparison of the soil types of Figures 3 and the source regions of Figure 4 therefore illustrates 
the strong correlation between soil properties and mineral dust emissions. 
 
 
Figure 4. Dust emissions computed by EURAD-IM and CHIMERE models, integrated over 
time (from 20 to 25 February 2016). 
 
4.2. Spatial analysis 
To characterize and evaluate the spatial extension and evolution of the desert dust outbreak, 
SEVIRI’s false colour Dust-RGB product is used. The RGB composite is based on infrared 
channel data, which is borne by the geostationary MSG (Meteosat Second Generation) satellite. 
Among other objectives SEVIRI was designed by EUMETSAT (European Organisation for the 
Exploitation of Meteorological Satellites) to monitor the evolution of dust storms during both, 
day and night. The Dust-RGB makes use of the brightness temperature differences between the 
channels that are close to IR windows of 8.7 µm, 10.8 µm, and 12.0 µm (Lensky and Rosenfeld, 
2008). The resulting product depicts dust in magenta and purple colours over land, depending 
on daytime or nighttime conditions, respectively. A dusty atmosphere can also be tracked over 
water by magenta colouring. Cold, thick, high-level clouds have red-brown tones and thin cirrus 
clouds appear very dark, nearly black. 
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The evolution of the dust outbreak from 20 to 22 February 2016 is illustrated in Figure 5. Here, 
a sequence of the false colour Dust-RGB images is shown in comparison with the AOD at 550 
nm wavelength simulated by both models (Figure 5). The general mineral dust transport from 
the source regions towards the Iberian Peninsula behaves very similar, examining both the RGB 
satellite data and the EURAD-IM and CHIMERE model results. 
 
 
Figure 5. Evolution and spatial extent of the desert dust outbreak (from 20 to 22 February 2016, 
at 16 and 00 UTC). Left panel shows the SEVIRI false colour Dust RGB product for part of the 
M
AN
US
CR
IP
T
 
AC
CE
PT
ED
ACCEPTED MANUSCRIPT
12 
 
studied area and central and right panels show modelled AOD from EURAD-IM and 
CHIMERE, respectively. 
 
On 20 February at 16 UTC, a dust hotspot is highlighted in the Moroccan-Algerian border along 
the Atlas Mountains. According to Cazorla et al. (2017), no significant visibility reduction was 
reported in the north-facing slope areas of the Tell Atlas and in the Rif Mountains at the coast of 
Algeria and Morocco. This indicates that dust was lifted into higher atmospheric levels before 
passing over the northern slope of the Atlas Mountains and the North African coast. 
During the 21 February, the dust layer starts to enter Spain passing over Malaga. During the 
afternoon, the dust cloud continues to drift northbound, while also spreading westerly and 
therefore affecting Portugal. On the 22 February, at 00 UTC, the dust cloud is located mainly in 
Spain and Portugal, while the dust uptake into the atmosphere in North Africa vanishes. Later, 
transported dust dissipates north and westwards. 
The comparison of modelled optical depths with Dust-RGB maps shows a good qualitative 
performance of both models simulating this event. However, CHIMERE estimates a more 
durable and wide spread plume of dust over Iberian Peninsula, which is not visible in the RGB 
product nor in the EURAD-IM modelling results. EUR D-IM rather represents the event with 
two distinct dust clouds, following each other. Though, a detailed analysis of the analogy 
between Dust-RGBs from SEVIRI and the model results is not possible, since the satellite 
images are highly affected by thick clouds. These are associated with the cut-off low, which 
induced the dust emissions in the Sahara. Therefore, the clouds might obscure underlying 
mineral dust clouds. 
 
4.3. AOD and surface concentration 
Figure 6 presents the comparison between the AOD observed by AERONET and the AOD 
modelled by both CTMs at 12 measurement sites distributed over the Iberian Peninsula, 
Mallorca, and Lampedusa (see their location in Figure 3). The AOD is displayed for an 
observation wavelength of 550 nm as station-wise time series between 20 and 24 February. 
While the modelled AOD can be determined quasi-continuously by hourly model output 
regardless to persisting weather conditions, AERONET data only includes daytime AOD 
values, which passed quality control and cloud screening. Therefore, the exact incidence of the 
dust event at the observation sites cannot always be identified. Short events (time-wise), like the 
one studied in this research paper, can be difficult to be observed and modelled for coincident 
time, and the limitation in measurements may not allow for checking time lags. 
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Figure 6. AOD at 550 nm wavelength: observations from AERONET stations (red dots) versus 
AOD estimated by EURAD-IM (blue line) and CHIMERE (orange line). 
 
Both models are able to capture the general increase of AOD during the dust episode at all sites. 
On the other hand, both models do rarely capture the magnitude of the AOD as it is measured 
during the dust event. This is for example the case in Madrid, where the dust event with 
observations of up to 1.35 (21.02.2016) is strongly underestimated by the models (AODCHIMERE 
≈ 0.20 and AODEURAD-IM ≈ 0.15). In Cabo da Roca, the AOD of observations and EURAD-IM 
coincide well. Here, CHIMERE partially underestimates the observed values with a root mean 
square error (RMSE) of 1.18. Additionally, CHIMERE shows a significant peak in the AOD 
around midnight on 21 February. However, there are no observations available for validation at 
this particular time. The evaluation of the model performance in Badajoz is also suffering from 
missing AERONET observations, so that the AOD peaks of the models cannot be validated for 
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early 21 February. The AOD peak of the observations in the morning of 21 February is not 
captured by the models, although if both show increased AOD values. Later on, during the 
decrease of AOD, the models match the observations fairly well.  
Besides AOD, modelled PM10 and PM2.5 values are analysed to perform further validation 
exercises. The daily PM10 average concentrations simulated by both CTMs for the 21 and 22 
February together with available monitored PM values observed at more than 20 locations are 
shown in Figure 7. The results are presented by zooming the domain over Portugal, where the 
impact of the episode was strongest.  
  
 
PM10 
21 Feb 
PM10 
22 Feb 
PM2.5 
21 Feb 
PM2.5 
22 Feb 
CH
IM
ER
E 
EU
R
A
D
-
IM
 
Figure 7. Daily PM10 and PM2.5 averaged concentrations over Portugal on 21 and 22 February 
2016: simulated by CHIMERE and EURAD-IM (gridded background) and observed at air 
quality monitoring stations (open circles). 
 
The transport and dispersion of mineral dust are simulated similarly by both models, explained 
by the same meteorological forcing used (WRF simulation). However, the models simulate the 
magnitude of the dust episode differently. The production of dust is higher in CHIMERE in 
comparison to the dust emissions in EURAD-IM (see Section 4.1), that differences in terms of 
air quality can reach more than 100 µg m-3 of PM10 in some regions (e.g. south of Portugal). 
Thus, CHIMERE results in maximum PM10 concentrations of about 230 µg m-3 and EURAD-
IM yields to at most 75 µg m-3 on 22 February. These maximum concentrations appear in 
Southern Portugal, where good accordance of the observations and CHIMERE is given for daily 
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PM10. In the wide area of Lisbon, where most observation sites are located, EURAD-IM rather 
represents the moderate burden of PM10. Regarding the daily PM2.5 concentrations, both 
models perform well compared with the observations, with the exception that both models 
strongly underestimate the PM2.5 values of up to 100 µg m-3 observed in south-east Portugal on 
22 February.  
Common model quality indicators, such as the Pearson correlation coefficient (Pearson's r), root 
mean square error (RMSE) and bias have been calculated (see Table 2), considering the hourly 
values modelled and observed in 22 background stations (rural, suburban or urban) in the case 
of PM10, and in 9 background stations in the case of PM2.5. Table 2 presents indicators relative 
to the period between February 15 to February 23, 2016, and assuming pairing in time but not in 
space. In addition, Figure 8 shows the time series of hourly PM10 and PM2.5 concentrations 
modelled by the models and observations at selected monitoring stations (chosen to cover 
different regions and different stations typology), during this unusually intense dust outbreak 
over Portugal. 
 
Table 2. Model quality indicators calculated with hourly concentrations observed / modelled 
from February 15 to February 23, 2016, in 22 background sites (9 for PM2.5), considering 
pairing in time but not in space. 
Indicators PM10 PM2.5 
 CHIMERE EURAD-IM CHIMERE EURAD-IM 
Pearson's r 0.81 0.71 0.79 0.71 
RMSE (µg.m−3) 29.7 27.7 10.3 11.0 
bias (µg.m−3) 0.9 -13.3 -2.1 -3.5 
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Figure 8. Time series of hourly PM10 and PM2.5 concentrations from 15 to 26 February 2016: 
measured (black dashed line) and modelled by CHIMERE (purple line) and EURAD-IM (blue 
line) at six selected monitoring background stations in Portugal each (see their location in 
Figure 7). 
 
Both models are able to correctly reproduce the magnitude of the PM10 values before the 
episode and the time of occurrence of the event with increased particulate matter burden in 
Portugal. In general, PM10 concentrations simulated by CHIMERE are higher than in EURAD-
IM simulations. In the South of Portugal (TER and CER monitoring stations), CHIMERE shows 
better agreement with observations (RMSECHIMERE = 33.9 µg.m−3; RMSEEURAD-IM = 64.1 
µg.m−3), while in the Centre Region (IGE, FUN and CHA monitoring stations), EURAD-IM 
performs better (for FUN, Pearson's rCHIMERE = 0.60; RMSECHIMERE = 61.1 µg.m−3; Pearson's 
rEURAD-IM = 0.64; RMSEEURAD-IM = 22.0 µg.m−3).  
Both models strongly underestimate PM2.5 concentrations during the dust event in southern 
Portugal (JMG and CER monitoring stations), as can be seen in Figure 8. During the dust event, 
differences between hourly observations and models and reach maximum values close to 100 
µg.m-3 (for the whole period of simulation, biasCHIMERE = -9.0 µg.m−3; biasEURAD-IM = -11.3 
µg.m−3). The EURAD-IM performs especially well in the wide area of Lisbon (FPO monitoring 
station), simulating the two observed PM2.5 concentration peaks during the dust episode very 
well (see Figure 8). However, both models are not able to simulate the daily fluctuations of 
PM2.5 before the dust arrival, probably related with local anthropogenic sources. Although the 
simulations include an estimation of anthropogenic emissions, the study resolution is too coarse 
to reproduce PM concentrations over urban areas. 
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4.4. Vertical profiles 
Finally, modelling results are compared in terms of the vertical distribution of dust 
concentrations. Figure 9 shows a sequence of profiles of simulated dust concentrations above 
Évora, Portugal (38.0ºN, 7.9ºW). The Saharan dust layer is located at higher atmospheric levels 
on 21 February at 03 UTC (between 750 and 500 hPa, according to CHIMERE simulation). The 
dust layer then descends towards surface levels, affecting particulate matter observations 
registered at the air quality monitoring stations after 21 February at 09 UTC (Figure 8). During 
daytime (15 UTC) dust concentrations increase close to the surface, which is probably related to 
the daily growth of the atmospheric boundary layer and consequent entrainment of dust-rich air 
from above. In particular, the TER monitoring station is located very close to Évora and shows 
a strong increase of particulate matter during the afternoon hours of the day.  
Both models are able to predict the subsidence of the dust layer during this episode. The dust 
plume and its dust concentration is however again higher in CHIMERE than in EURAD-IM. 
 
 
 
 
Figure 9. Evolution of the vertical profiles of dust concentrations, produced with CHIMERE 
(red line) and EURAD-IM (blue line) at 38.0ºN, 7.9ºW. 
 
The strength of this event of February 2016 in terms of impact in air quality (PM10 and PM2.5 
concentrations), with PM10 daily limit values being surpassed throughout mainland Portugal, 
may be related to the strong subsidence at low levels of the atmosphere (Figure 9). A similar 
event is reported by Cabello et al. (2012) that took place in October 2008 and had the strongest 
impact at ground level ever recorded in southern Spain. 
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5. SUMMARY AND CONCLUSIONS 
The EURAD-IM and CHIMERE CTMs have been applied to a strong desert dust event that 
occurred in February 2016 and affected air quality over Portugal severely. In the South of the 
country, observed PM10 concentrations reached hourly values above 200 µg m-3, while PM2.5 
reached values above 100 µg m-3. Both modelling systems are able to capture the occurrence of 
the event (both models with a Pearson's r > 0.7 for PM10 and PM2.5 concentrations), which was 
driven by a cut-off low off the coast of Morocco. This cyclone induced a strong meridional 
transport of dust loaden air from Algeria straight towards eastern parts of the Iberian Peninsula 
and further onwards to Portugal. 
The most notable differences between the EURAD-IM and CHIMERE outputs concern the 
emission intensity (strength) and the emission source regions. EURAD-IM predicts smaller dust 
emission strengths than CHIMERE. According to EURAD-IM, dust is mainly emitted by loam 
soils, while CHIMERE predicts more emissions from sandy soils. Hence, EURAD-IM mainly 
computes dust emission source regions in Northern Algeria, while CHIMERE includes 
emissions in diverse local regions, distributed all over Algeria and the neighbouring countries. 
These differences in emission strength and sources produces differences in terms of air quality 
and aerosol optical depths above the Iberian Peninsula. PM10 concentrations simulated by 
CHIMERE are higher than in EURAD-IM simulations (biasCHIMERE = 0.9 µg.m−3; biasEURAD-IM = 
-13.3 µg.m−3). In the South of Portugal, CHIMERE shows better agreement with ground 
observations (e.g., lower root mean square error), while in the centre region, EURAD-IM 
performs better. During the dust event, both models strongly underestimate PM2.5 
concentrations in the South, where hourly observations and modelled concentrations reach 
maximum differences close to 100 µg.m-3. Although the impact at the surface level is stronger in 
the South, model results and satellite data point out that higher dust contents in the total 
atmospheric column is located in the Centre of Portugal.  
Both models, CHIMERE and EURAD-IM, show advantages in diverse times, locations, and 
quantities. The main difference between the simulation performances of the selected dust event 
is probably due to the differences of the algorithms for mineral dust uptake, which allow for 
strongly diverse source regions and consequently also emission strengths. Missing observations 
in the source region, originating from absent measurement sites and cloud coverage during the 
uptake of mineral dust by satellite observations, prevent a more detailed analysis of the emission 
characteristics. Nevertheless, the comparisons between the two models and the (limited) in-situ 
measurements allow to conclude that the different levels of PM concentrations found between 
the two models along the time of the episode are in part associated to the different dust sources 
estimated by each model. 
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Highlights 
Investigate how two different modules simulate a Saharan dust episode > satellite data and in-
situ observations were used over Iberian Peninsula > main differences related to the emission 
strengths and the emission source regions > CHIMERE simulates higher dust concentrations 
than EURAD-IM model > model accuracy depending on the region/location 
 
